Using an extended parity doublet model with the hidden local symmetry, we study the properties of nuclei in the mean field approximation to see if the parity doublet model could reproduce nuclear properties and also to estimate the value of the chiral invariant nucleon mass m0 preferred by nuclear structure. We first determined our model parameters using the inputs from free space and from nuclear matter properties. Then, we study some basic nuclear properties such as the nuclear binding energy with several different choices of the chiral invariant mass. We observe that our results, especially the nuclear binding energy, approach the experimental values as m0 is increased until m0 = 700 MeV and start to deviate more from the experiments afterwards with m0 larger than m0 = 700 MeV, which may imply that m0 = 700 MeV is preferred by some nuclear properties.
I. INTRODUCTION
Nuclei are interesting and important quantum finite many-body systems, providing a solid testing ground for our understanding of the strong interactions and many-body techniques. In principle, we should be able to understand nuclei in terms of quarks and gluons in the framework of quantum chromodynamics (QCD). For instance, it will be especially interesting to investigate how QCD vacuum properties are reflected in the properties of nuclear matter and finite nuclei. This is, however, a formidable task to achieve due to the non-perturbative nature of the strong interaction at low energies. Since the nucleus is commonly believed to be composed of the protons and neutrons, it is natural to view the nucleus as a collection of interacting protons and neutrons. However, it is highly nontrivial to understand nuclei in terms of quarks and gluons in the framework of QCD.
Studying the origin of hadron masses is one of important problems in nuclear physics. As it is well known, the current quark mass could explain roughly 2% of the nucleon mass. A picture in nuclear physics is that the nucleon mass in the chiral limit could be explained by quark-antiquark condensates in QCD vacuum, i.e., spontaneous chiral symmetry breaking. In the parity doublet model [1] , however, the nucleon mass has a piece called the chiral invariant mass m 0 that may have something to do with QCD trace anomaly. In Ref. [1] , from the decay of N , N (1535) → N + π, the value of the chiral invariant mass m 0 was determined as m 0 = 270 MeV.
Dense matter, which is intimately related to heavy ion collisions, nuclear structure and neutron stars, has been extensively investigated in the parity doublet models [2] [3] [4] [5] [6] [7] [8] [9] , while nuclear structure study in parity doublet model has not been made. In Ref. [3] , the chiral invariant mass was estimated as m 0 ∼ 800 MeV from nuclear matter properties, especially incompressibility. In Ref. [6] , the chiral invariant mass m 0 was re-expressed as the sum of the contributions from tetraquark and gluon condendates. An extended parity doublet model [9] reasonably reproduces the properties of nuclear matter with the chiral invariant nucleon mass in the range from 500 to 900 MeV.
A promising microscopic theoretical tool for nuclear matter and (medium-mass and heavy) nuclei is energy density functional (EDF) theory [10] . With a few parameters, density functional theory provides a successful description of ground-state properties of spherical and deformed nuclei. Self-consistent relativistic mean field theory is a useful method to obtain the covariant energy density functionals. The covariant EDF includes the nucleon spin degree of freedom naturally and, therefore, can consistently explain the nuclear spin-orbit potential. For the details of covariant EDF, we refer to Refs. [11] [12] [13] .
In this work, using the parity doublet model developed in Ref. [9] , we study the properties of nuclei in self-consistent relativistic mean field theory to see if a parity doublet model works for nuclear properties and to find out the value of the chiral invariant mass preferred by nuclear structures. The extended parity doublet model [9] , where the chiral invariant nucleon mass is in the range from 500 to 900 MeV, is briefly described in Section II and the results are given in Section III. We then summarize the present work in Section IV.
II. PARITY DOUBLET MODEL WITH HIDDEN LOCAL SYMMETRY
In this section we study finite nuclei in the context of the parity doublet model [1, [14] [15] [16] . To investigate nuclear matter or finite nuclei using a parity doublet model, either isospin symmetric or asymmetric, one needs to introduce vector mesons in the model. A convenient way to do that, which respects chiral symmetry, is to use the Hidden Local Symmetry (HLS) [17, 18] . In Ref. [9] , a parity doublet model with the HLS was constructed for asymmetric nuclear matter study. It was shown in Ref. [9] that the phase structure of cold dense matter depends on the value of the chiral invariant mass and also on isospin asymmetry. In this section, we use the extended parity doublet model constructed in Ref. [9] .
We start with the Lagrangian,
where the baryon fields ψ 1 and ψ 2 transform as
with L and R being the elements of SU (2) L and SU (2) R chiral symmetry group, respectively. The meson part of Lagrangian is given by
with
In this work, we adopt a mean field approximation and consider the following mean fields for mesons:
. The pion mass m π , σ meson mass m σ , and pion decay constant f π are given by
After diagonalization of the baryon mass terms, we get the mass of the nucleon field N , which corresponds to one of the mass eigenstates, as
The equations of motion (EoM) for the stationary mean fieldsσ, ω 0 , ρ 3 0 and A 0 read
Note here that we take the shift for calculational handiness, σ = f π +σ. Since we are interested in finite nuclei, we will not consider the EoM for the parity partner of the nucleon, N (1535), which does not form its Fermi sea near the saturation density. In addition, since our primary goal here is to see if the parity doublet model can explain some basic nuclear properties such as the binding energy, we will not consider pairing correlations which is essential for odd-even staggering in nuclear binding. For instance, according to the semi-empirical mass formula, the contribution from the pairing term to the binding energy per nucleon of 58 Ni is only about 0.03 MeV. The EoM for the nucleon is given by
where N i is the single-particle wave function and
With assuming the spherical shape of the nucleus, we can solve the Eqs. (9)- (12) and Eq. (13) simultaneously to obtain the energy
After subtracting out the vacuum contribution, we write the Hamiltonian density H( x) in the mean field approximation as
Then, the binding energy per nucleon is given by Following Ref. [9] , we determine the free parameters in our model using the inputs in free space listed in Table I and nuclear matter properties. The nuclear matter properties used to fix the parameters are given by
We choose the value of m 0 in the range of 500 − 900 MeV [9] . Since the value of the incompressibility K is relatively not well fixed compared to the other nuclear matter properties, we use two different values of K as inputs. The determined parameters are shown in Table II , where K = 240 MeV, and Table IV , where K = 215 MeV. We then calculate the binding energy and the charge radius of some selected nuclei using the parameter sets and present the results in Tables III and V, where "−" indicates that we cannot obtain converged numbers in our calculations. We use the experimental values compiled in Refs. [19, 20] . As it can be seen from Tables III and V, our results approach the experimental values as m 0 is increased till m 0 = 700 MeV and start to deviate more afterwards. Therefore, we may conclude that m 0 = 700 MeV is favored by nuclear properties. In Fig. 1 we present nucleon density distribution n(r) in 40 Ca and 48 Ca calculated with the parameter set 1. From Fig. 1 we observe that the central density tends to increase with m 0 . m0 (MeV) 500 600 700 800 900 Exp. Now, we fix the value of the chiral invariant mass as m 0 = 700 MeV and try to improve the results of nuclear properties. For this we vary the nuclear matter properties in Eq. (18) 
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IV. SUMMARY
In this work, using the extended parity doublet model [9] , we calculated the properties of some nuclei in the mean field approximation to estimate the value of the chiral invariant mass preferred by nuclear properties. We observed that our results, especially the binding energies, are closest to the experiments when we take m 0 = 700 MeV. Therefore, we might conclude that the chiral invariant mass contribution to the nucleon mass is around 700 MeV. To support this assertion, we have to study nuclear properties extensively by including pairing correlations and deformations, using more complete approaches such as (deformed) relativistic continuum Hartree-Bogoliubov (RCHB) theory which can provide an appropriate treatment of the pairing correlation in the presence of the continuum through the Bogoliubov transformation in a microscopic and self-consistent way [21] . This task is relegated to a future study. 
